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Three experiments concerned v^itli teaching matheniattcal concepts to 
2- and 3-year-olds were carried out. The first cKperinient- , in which children 
were taught the concopUa "Cat" and "skinny," showed chat an explicit verbal 
representation of the intrinsic conceptual problem was a much moirc powerful 
tiistructioti technique than fornmlation in terms of an extrinsic reinJ!orcer 
("Find the raisin"), as in a classic discriminfltion learni-ng problein. The 
results also demonstrated that a variety of concrete exanples has an adverse 
effect on learning when the nurnber of exemplars exceeds the minimum necp.ssary 
for complete logical definition of a relational concept. 

The second study, on teaching the concept "round," empLoyed sonie verbal 
rules in all instructional condttloiis . It investigated tUe question of how 
nuch verbalization on the part of the teacher ar-d what forras of action on' the 

variables facilitated learning to a statistically significant degree. 

The third study, on rnethods of teachini 2- and S-year-olds the concept 
"square," compared the effectiveness of different fornis of veEbsl representati 
when combined with visual and proprioceptive feedback. The two experiiuental 
instructional variables were number of verbal contexts and use of contrasttive 
terms in the correction procedure. For childreti who had already learned the 
meaning of "round," round-Bquare confusions were reduced when the tesehet 
eontxrasted the terms "round" and "square" in the correction piocedure. A 
contrastivD term was of no use to a child who did not already kftov Its 
aeatiitig. confusions between square and shapes other than roucid were reduced 
when the teacher presented the terni "square" In a variety of ^srbal contexts 
and the child responded by usins a square object in a number of action context 
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The concepts, "fat" and "skinny," "lound" and "square." were vehicles 
in a search for vaya co teach nmclicniatlcal concepts Co 2- and 3-year-old 
childrtm. OrigtnaUy, this search wao directed by somQ ideas about modes 
of representation proper for instructing chiLdreti at particular developmentol 
levels, These ideas were baaed on BrunQr' s (1966) theory in which he describes 
three forms that cognitive maps of the world may assume—enactivc: , ikonic, 
and symholic. The cnactivo moda encodes events in terras of action, the ikoritc 
node in tarms of images . and the symbolic mode in teems of arbitrary aysteos 
such as language. Bruiter (iSf^t)' '^as advanced the notion that concepts in 
a new area are besC learned if instruction follows the davelopmental order oC 
the three modes: enaccive, Ikonic, and symbolic. Applied to teaching extreniely 
young children whose semantic systems are still iairly rudimentary (McNeiU, 
1970). this thQoretical position could imply, first, chat enactive and Ikonic 
representation makes possible instruction in more advaticed concepts than 
would otherwise be possible at a given age and. second, that once language 
has developed to a sufficient degree, verbal concepts Biay benefit from prior 
training in their enactive or ikonic forms. 

Teachlnfl "Fat" and "Skinny"^ 
The first study tested this hypothesis through an attempt Co develop ati 
instructional sequence for Ceachins two concepts of intensive quantif ication: 
"fat" and "skinny." In the initial phase, which took the form of a classical 
discrimioation learning e^periwenc. twelve 3-year-old children attending the 
Children's Center (described In more detail later) were required to discover 
under which of two cans or boxes a raisin had been placed. When the concept 
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to be learned was "fat," the raisin was always under the container with the 
larger diametej.*; whon "skinny" waj the concept, the raisin was to be found 
under EKe; contaitier with the smaller diameter. To find the raisin consistently, 
the child h^d to induce the quantitative concepts from ikonic and enactive 
information- Seeing tlm cans allovred a visual image of the concepts to be 
formed, while the act of lifting tho cans to look for the raisins provided 
the material for inactive representation. In the initial instructional 
sequence, the two cans were eKactly alike save for their dianieters. Thus, the 
fflaterlals were maKimally abstract or noise-free inf ormatlonally , and the child 
presutna-bl/ had to do a miniTnum amount of mental abs enaction to learn the 
concepcual principle. 

Half the children were taught using the minimam number of eKamples to 
define aach concept unambiguously. The other half of the children were presente 
with an e^ctfa example of the concept as wall. What this meant in practice 
was that one group received two ej^amples of the concept (Fig, la, lb) while 
the other group received three (Fig, la, lb, Ic) . A single e^cample, as in 
Fig* la, leaves the principle ambiguous: the left one could be correct either 



Insert Fig^ la, lb, Ic about here 



because of relative or absolute si^e, A pair of eKamples, as in Fig, la and lb, 
resolves the ambiguity in favor of relative diameter. Apparently, complete 
Viiual definition of the concept is critical to the teaching of children and 
adults who lack a verbal definition of the concept in this situation* Thus, 
all experimenta -in which children and adults have successfully transposed 
relational Biza concepts to a complete range of new examples without being 
able to verbalize the principle, have involved two different exemplars at the 
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training stage (Bcaty and Weir, 1966; QanmUs and Ross, 1958; Hunter, 1952; 
Johnson and Bailey, 1966; Johnson and Zara. I960; Sherman and Strunk, 1964; 
Zeilcr and Paalberg, 1964^ and Zeiler, 1966), 

Additional eHamplcs, like Fig* Ic, offer no additional inf omation from a 
logical point of view. The question was wliethGr they would do so from a 
psychological point of view. The examples were intermiKed and the order was 
basically a random one. The day after the presontation of a given concept 
^3S complete, the sanie concept was presented In a verbal form. Visual 
inforniation was still present— the child could see the pairs of stimuli--but 
now the child was told: "Put this block in the fat can" or "Put this block in 
the skinny can," The conceptual probletn is now a deductive one: Co learn to 
apply the generalization "fat*^ or "skinny'* to concrete situations. The . 
enactive element is gone, for the child no longer manipulates the stimuli. 
The sequence of problems in verbal forra was to serve as a posttest to assess 
the effects of the nonverbal training procedure. 

The "fat-skinny'' study has been described in detail just sufficient 
to present the results that are relevant to the studies which follow in this 
paper. The main outcome was that the basic nonverbal training procedure was 
a complete failnra; only one child out of the twelve mastered the first and 
simplest learning sequence to the criterion of eight correct in a ^r^su- within 
the first 24 trtalss or 12 in a row thereafter. 

Despite this failure, it was decided to give the verbal posttest anyway 
to see what could be learned from it. Applying the same criterion of eight 
correct in a row to the 18 items of the posttest, ten children out of 12 met 
the criterion for one or both of the concepts "fat" and "skinny." 

As far as the extra example was concetncd, it seemed to have a negative 
effect on learning. Those children who were given an extra instance of the 



two concepts fared worse In their ability to apply the corresponding verbal 
labels "fat" and "skinny" on the posttest. According to an analysis o£ 
variance, this finding attained the .05 level of stHtistical s ignificance . 

If verbal concepts are the ultimate pedagogical goal, then purely 
nonverbal means appear, at best, very inefficient, according to these 
results. Many studies have shovm that verbal labels aid in the discovery 
of solutions to nonverbal concept attainment problems, and a large numbar 
of others have indicated that verbal Iza tion makes conceptual principles more 
transferable to now situations. Few studies involving nonverbal responses, 
however, have addressed themselves to demonstrating the value of formulating 
the conceptual problem itself in verbal, terms . 

Reese's (1966) study of intermediate size discr iniination and transpos itim 
is directly to the point here. One group of children from 34 to 63 monchs of 
age was told during tratnin| that the reward was under the "medium" stiraulus' 
another group was cold nothing about where to find che reward. TriB iirsL 
group learned the initial discrimination faster and transposed the principle 
to more new examples aC varying distances from the original pair, even though 
the concept "medium" was no longer labeled for either group during the 
transposition tests. Disambiguation of size discrimination problems by 
verbally defining the solution as relational after cionverbal training was 
found to lead to relational choices on transposition tests for 5- to 7-year-olds 
Similarly, verbal definition of the solution as absolute led to absolute choices 
on transposition tests (Zeiler, 1967). 

Emphasis should be placed on the function of the label in expressing the 
true goal of the problem. Under these conditions, a label gives the child 
information about whv he is wrong if he fails to make a correct choice. But 
verbal labels may also be introduced under conditions whori? they do not 



represent the goal o£ che problem and theresfore cannot give informative 
feedback to the child. Utider these conditions, verbal labels do not help 

transposition learning (Tighe & llglie, 1969). 

As far as the number of Instances optimal for learning a concept is 
concerned, these resulcs are in accord with those from other studies 
indicating that ,additionf.l concrete examples of a concept more o£ten impei 
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letrning than holp it. The Uteratu« in this area could perhaps bast be 
synthesized by saying chat examplos must be lonrncd weU to be of use, and 
that a balance inust be malntainod bctwacn momory load and complete detiniuion 
of the' concept (Amstcr and Miirascuilo, 1965; Matascutlo and Amster. 1966). 

These conaidcrations led to the design of instructional procedures that 
would use a concept's name while trying to teach its semantic content. The 
adverse influence of the additional example of -fat" and "skinny" cans probably 
stemmed, at least in part, from the fact that aU examples were presented 
before an^ single one «as mastered. For this rcaaon it was decided that in 
future teaching procedures mnstcry in applyinB the CQncept wichin a particular 
concrete situacion would be requisite to going on to a new sicyation. Examples 
beyond those required for complete conceptual definition were also to be _ 
avoided * 

Based on these results, the nciit study compared methods for teaching 
the geometric concept "round." 

Teaching "Round" 

Granted that at least some verbal rules are called for «hen working 
with 3=year-olds, one question still to be answered was how much verbalization 
to Introduce and at what stage in the learning process. A second question 
involved the forms of action that are most productive for conceptual learning. 
The study on teachlns "fat" and "skinny" demonstrated that mere maaipulation 
of objects exemplifying conceptual relationships is not sufficient. The 
Montessori method emphasizes a certain, tyie of action in the so-called 
"self-teaching" materlnls (Montessori, 1966). This type of action consists 
of manipulation with corrective feedback; ^.an example is the action involved 
in fitting puzzle pieces together. ■ • 
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Three teaching nmthods ware coroparcd; all involved the same soqutincc 
of stimulus displays. In each disp.Uy, the child w.is askod to pick out the 
"round" one. Round sometimes meant a pleco of wood, a hole, or a cup, The 
displays- involved two oc three stiffluli, and "round" was coiitrastcd with 
triangular, square, kldney-shapcd , and hcxasonal. Somctimos shape, was the 
only variable; in other displays, color was introduced as an irrelevant variahle, 
The displays wer^. arranged from easy to hard on an a griori basis. 

In all conditions the child was told whether he was right or wrong 
and induced to correct an tncorrect response; he was also rewarded with a 
raisin when he was right and lost one when he was wrong. This rein£orcoment 
or feedback procedure was designed Co maxitnize learning for all clilldi.en, and 
it was based on the. results of a nun. or of different studies (Eisenbers, 1966; 
Gollin, 1966; Meyer and Seidman, 1960; and Zlgler and deLabry, 1962). 

Under the tirst Instructional condition, the teacniit' uswii lUtt Ub^l 
"round" and the child manipulated the stimuli and received the corroctiva 
feedback of the Monteasori type. The second method was identical except 
that the child manipulated the stimuli without receiving any corrective 
feedback for his action. In practtce, this meant that whereas In the first 
condition the round stimulus was the only one that could fit somewhere 
(for example into a round hole), in this condition an^ stimulus would fit into 
the large oval hole where Che child had been asked to place the "round" one. 
The third condition was like the first, except that the label "round" was not 
used until the boginnini of the second half of the training. Up to that poinc 
the child was asked merely to find the one that "fit," that is, a piece to fit 
a hole. There was also a control group who received no training. 
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There werQ 16 chUcU-cn in the atudy rflngtng Ctom 2 to 3 years of aae . 
All the childrGii were given a CQSt before and a iter trflinlng. Half the tost 
displays consisted of n«w or tranafci: stimuli not used in the training, whilfi 
the other half were included in the Urainins. Half the transfer items and 
half the familiar items used the verbal concept "round" in the instructions 
but pcovidcd no action feedback, vhereas the other half provided only acUioii 
feedback. The itcma on the test were randomly ordered, and the children x^cre 
in no way Informed as Co whether they had givon a correct answer. 

Although all throe of the tralninp, groups showed more positive change 
from pre- to posttest than did the untrained control •group, the effect of 
training on the total test or any of its component parts was not statisticaUy 
slgntficant according to an analysis of variance. It is interesting to note. 
h«„,„„«- hhsii- I'hu i,nT-2^sf H if F<!.rfr,re. hfiKween the control and traininf: sroups 
occurted with respect co improvement on the verbal transfer Items which, it 
will be remembered, provided no action feedback. Similarly, the differences 
becween.che changes produced by the various training methods were not large 
enough to be statistically significant, either for the total test or for any 
of its parts. Again, though, the largest gain occurred on the verbal transfer 
items and was made by the group whose training had consisted of manipulatioti 
with corrective action feedback, as well as labeling throughout. 

Since the results of this study were largely neiaCive, its main use 
was as a pilot to the next study to be described. 

teaching "Sguare^l^ 
The "round" study susses ted r.hat if correct referential use of the 
descriptive term "round," especially in new situations, was the ultimate 



Gtecnficld 



goal of trainins, then "maiupulaclou with coi-i-ficUvci fecdbock plus labclins" 
might bo the best method. Consaquetitly , the techniques for teaching "squai-e" 
wero all basad on this msUhod, although tho sequcnclnB was irnproved to rellect 
the order of dl£l;iculty that had cmerSPtl from the earlier data. 

The principle question which this study askQcl was: Exactly what should 
the teacher say about the concept to be tnughc, granted th#t some sort of 
verbal ropresontation vjfls critical. 

Paycholoslsts gonoraUy stress the relation between word and referent 
In their treaCment of the development of word rneanings . Lingutstlc 
discussions of word meaning, in contrast, revolve arbund the relation of words 
to other words (Olson, 1968). The experiment on "fat" and "skinny," just 
described, indicated that Increaslfis the number of referential relations of 

upon learning the concept. But what about Increasing the number of verbal 
relations? How does variation In verbal context affect conceptual learning? 
The particular way in which this question was applied to tcachitig the concept 
"square" to 2- and 3-year-olds was derived from some Russlon work on the 
effect of a variety of verbal and action contexta on very early vocabulary 
learning. In one study by Kol'tsova (Razran, 1961), 20=morith-oLd children 
were presented with a doll 1500 times. To half the children, the doll was • 
presented in three contexcs : "Here is a doU," "Take the doll," and "Give 
me the doll." The other half were exposed to 30 different contexts; the same 
three plu=; others like "Rock the doll," "Feed Che doll," and so forth. The 
test was to "pick a doll" out of an array includins the experimental doll, 
other dolls, and other toys; the children wero to learn-t-hc range of reference 
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of the word "do H." Those children v?ho liad had the experience of 30 diSfer ent 
contests were more successful in discrirninaCing doUs from n&n-d oL is ancJ th ey 
also fcsponded to the task more quickly. Thus, the variety of %reL- ta 1 amd 
actioii contexts in which a word is pLaced has a positive eifect otL l-earcilns, its 
refereticial meaning, independetit of the variety of conCtrete tef e I'e flt s w3th 
which the -word is associated. 

m another oxparimcnt, Kol' tsova (Razran, 1961), using L9-raoii.th- old 
children, showed that placing a word in a number of different co-ntests Ss 
more effective in teaching the meanins of t:hat word thari exposin.g the cfcilld 
to an. equa.1 number of referents or coiicretc examples i 

Although the evidence points to the value of a varletj^ of Lin.gu.ista.c 
eontexts on the stimulus side and a variety of action catitexts o-n the reipo-nse 
side in taachins concepts of all sorts, no one has investigated th.ls vam'iab-le 
in relaci&n to learning analytic or attribute concepts. The studr to hm 
described assessed the effect of variety of verbal context oti learning «lie 
peaning,off the geomatric term "square." 

The role of verbal contrast in fostering conceptual leatnliig wa.s tBie 
ether issue taken up by this study. Brown (1958), Werner (1948), sad 
"Vygotsky C1962), suggest that "true" concepts are a synthesis of dLscrimanatloci 
and getieraUzation. In terms of the stimuli or examples of m cancept gdmmin 
a lea.rning situation, this principle is tacitly assuniedi the lea™r is sxpiosed 
to both positive and nesative instances of the concept in quost£.ocm, Wirtliltm 
lltigijistics, the role of contrast Is more central and more expltcLt in -its 
telacion t=o language learning. On the phonological level, for example, tha 
functlonaL sound units--phonemcs--arQ traditionally defined by oppos itl tcnaL 
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pairs. Clearly, the contrast case deftnes the boundary of the phoneone comceft 
and thus is as criicial to its precise d cEitilCloti as the positive inscance is. 

From a logical point of view, this is true o£ any concept. la petrceptloti, 
know from the work o£ Garner (1966) chat 1:116 array of contrasting items Irt 
which'a particular 1 ten Is found is ci'ttical to its Ideflt if ication. Thwe 
are indications froin work in Woat ACrlca ( Greenfield, Reich & Olver, I9665 

Price-Willianis, L9&2> that the natutb of the contrast cases can be critical 
in determlng whether or not a certain elas slEicatory priactpla is brought into 
play at aU, and that this ts more ttie case the less various clas slf Icatotfy 
principles are late grated into a single un-ified system. Slniilarly, it Is cleat 
from the vork of Lantz and Stefflre (19&4) that the yalue of a particular 
linguistic encoding for identifying or retnenibertng a stimulus depends on t:he 
array in which the stimulus is found ot more accurately, on whether it _ 
dlf ferentlates the referent from the other stiir,uli in the array. EjctDridinB 
the role of contrast, Olson (1970) has recontiy advanced a general lew o£ 
semantic encodlns as the par titioning of alternatives . Is it also the case, 
then, that the ease with which a conceptual label cati be learned and appl Aed 
to concrete exannples depends on the ej<lscence of contrasttiig terws to dedote 
the alternative stLmull in the array? This question has never bften ^sked 
exprr,,.jntaUy, althoush Bereiter and Engelinann (Osbom, 1969) ha.ve fiXploated 
the idea of a system of contrascltii terma in teachlris disadvantaged pcescfnool 
chlldreii: they present attribute labels from the outset In the cotnpany of their 
polar oppositcs. Claparede (Olsen, 1968) proved experlnentally that 
dissimilarity leads to awareness. Thus, one might hypothesize that cootrascing 
terms would be of value not only in pramociag the bare leflrning of a particular 
concept, but also In fosterlns conscious control over conceptual knowLedg^. 
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Ihe smAy CO described Ineoiporated coiicmscive cocms iaco the 
cox:r©etlon procedure and tested cm v alum ot doing ubls £or teacblwg c\m 
mamnin o£ "square" to 2^ and 3-yoai=olds. The parcdcular coatcast Ive 
terffls 'used were chqireHoce dependent on a partlcu4ar child's errors arid o-n 
thestlmuLus ariny, rhi my in whicli. this votk&i in practtce ^-111 bacoimQ 
clear wttea th,e taschitig *equQnc& md pro^Qdure is described in. detail. 

AIL tra children in the study mt<i iltttrjdLtng the Children. 's Ceiiter 
in Syracuse, Ne-w !^ork. Tho Cenbcsr, QtgaJilEed acid ruaist-th£s tLm hy 
Dt,Betcya M. C^ldsmll , is s schooL for <hildreci ftOB) the age of 6 montlms 
to kindsrg#reen CCa-WwoLl a.n4 Richniond, 1968), 

The ctiiLdreri tanged froin 2 years, 6 monclis ta 3 years, 10 nonths - . 
Because of tbe smsl 1 numlaers sVallabL e tiere was tn iact no sair>plin.g. fe.lL 
the chlXdL-^,n available £«r the duyatLon «f tbo study we used, uiilass ttaey 
hadasibLlng in the s tndy or altfeadj^ kn«w the conceic "sqiisre" as evidanced 
by a pai;fe^t score on thepse-test. fou t chlldset* a tcalned perfect scoces; 
th«tr average age was 3 yaais , 7 nontlis . Ih© a-vetfag^ «ae £ot the L8 chftiaren 
ia the Stu^ly was 3 years - L montti. This sltght cOtitTast in age is not 
st<atistically sisiiLficanc. 

As foi che social ttLske -up of the groups, thxas o f the four who hgd che 
concept at the outset re alddle.class vhlte cMldr en . The fouTtB-was a 
iomr-ci8s5 t?lack child. tm the group vho £ail*d to ftchiflve aperfict Score, 
onily th^ee out of L8 wet- a nlddie-class, twc wht tg an.d cue black. Thus, crass 
backscound Mde'ftbil an,d s tacisticoLly si jaifi catJt di If eresce in initial 
le-vel knowledge of the concept Cftsher I'est. p- <.0S> 



Eighteen chiUdreti who did not deiiions tL-flte perfect knowladgc of che 
nieo-ntng o£ "s-qusra" on tlie pre-tcst partictpciced in the study. The cotal 
group 'of 1.8 clildpen was divided into ttireQ age levels, Wltliia a given 
level, chtldr*.!! ware randomly assisaQcl to one of the five %xo\\^i comprising 
the study. Qne-tlidrd of tlicsc children wore in a control groupi they were 
not tausht the coticept "square," but they were given the "sqaarc" test: twice.-- 
at the sanic interval as the 12 children who were eKposocl to otic of four types 
of cicpe^inscnu al teachins, 

AIL four- B^oups who were esposcd to some form of cHper itneatal teachtng 
received t ho saiiia scquenca of ins true ticaal materials (Pig. 2) pcGsentQd in 

Insert Fig, 2~flbout here . 

HiFfe.fnn.f ways. P.-^sirFilly, all these clitldren were eiven Diactice in picking 
out the sq_uare. stLcnulus firom arrays vhtdi bocftruo increas ing ly d iff icult as 
the instri»ctt-Oi\al seqUeJiCQ progressed. The word "square" was used in every 
tnstrucci^Mt condition, and every child handled the square stLmuU v?ith 
corrective feedback at lease some of the time. In other wo ids, all four 
teachins wetlCod a were variflnts on wha-t ttie "round" expetintetit had showii to 
be the most proriiis Ins approv^ch. Tost tend it Ions contrasted with teaching 
coiidi.tian& ir* timt there was no corrective feedback fot maaipuLatory action. 

the gir^t cKperiinental variablQ waJ variety of cotitext. Th© word "square" 
ill a £i^L« \^erhaL and action contest wiis presented to six o£ the 12 children. 
For exarapLe, if th-e task was to find a liece to fit a square hole, the child 
would be told "Ihe square piece Just fits in here (teacher pointing to hole). 
Can jrou find It ancl put it in?" Tha ot her six children were presented the 
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word "square" in multiple verbal conccxts and cotisequently maul pa la ted the 

square stimulus In a variety of vmys . For these chtldren, eigbt of the 23 
instructional arrays, shown in Fig. 2, were presented usiris tha type of 
instructional st,ntoncc just dcscribtd. But two other types of verbal contexts 
were also Introduced: "Put the square piece in this can" (eight arrays shown 
in Fig. 2) and "Give mc the square piece." (seven flrrays shown Ira Fig. 2). The 
corresponding action contexts are clear, but it should be noned chat they 
involved no corrective feedback; any piece in the array vould "£m" equally 
well Into the con or the teacher's hand. 

Each of these two instructional groups was also.dlvidod in half according 
to. the typo o£ correction procedure used. For half of each Qtmp the cotrectlon 
procedure Involved labeling the shape of the stimulus that had been veongly 
picked.- This was tho "concrflstjve terms" group. The other hnXf of the group 
was corrected the same way except Chat the contrastive label was omitted. For 
ejcample, a child is presented with an array conslstins of a squoEQ piece, a 
round piece, and a square hole, and is Cold "The square piece Just fits 
in this hole. Can you find It fltid put it in?" Ha responds by choosing the 
round piece. If he is in the "conCrasttve tanns" group, he is told: "No, 
this one (teacher points to it) is round. This afiacher points co is) is 
the square one. Can you put it inl" If the child Is not Ln the '•contrastive 
terms" group, he is siiuply told "No, this (teacher pointi to it) U the 
square one. Can you put It in?" 

Thus, four Instructional groups are getieraCsd. They can he described 

as follows; 

Gvouji^U the word "square" is presented In a variety of verbal conte.xts, and 
etroi-s are' correctod by using a tarr.j coiitrastive to "square." 
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Gyoup ix ''t^^'^^i^^^^^^^' is presented in a variety of verbal conteKts, and 
errors are correctc^^ without LntirDducing any contrastive terms. 

Group the wordiv^squarc'' is presGntcd in a singlG verbal context and errors 
are corrected by using a term concrastive to "square,*' 

Group ,4 : the word "square** is presented in single verbal conteKt and errors 
are corrected without Introducing any contrastive ternis , 

Testing the concept ''squaro All the children eKcept one (who was added 
to tha study later because two children stopped coming to school) were glveti 
i^Vi^ n-r*ft-f^j^h 1 tidi vidua! iv bv oTiG o£ the regular teachers in the 

school whom the children fill knew. The one PKcepCion was tested by the author. 
The same form was admiriis tared as a posttest by the autlior. Eight of the 12 
children who were taught the meaning of "square" were re tested the day after 
their training was coraplQted. TIic maximum Interval from teaching to posetese 
was eittht days. The CDntrol croun was retosted at the same time. 

Followtng an introduction to the tost situation, the child was given a 
warra»up Cask in which he was given practice in taking che test without haying 
to discriminate shapes. Tho test proper, which folXowed, comprised 17 items 
arranged in a random order Ci-lg. 3). In each item, the task was to pick out 

Insert Fig. 3 about here 

Che square element frotn an array and place it In an oval from which was 
large enough so that all items fit equally well. Some of the displays (numbers 
4, 11, 12 J, 13, 16, and 17) later appeared in the teaching materials, while all 
the test (numbers 1-3, 5-10, 14-15) were to be found only on the test. 

As to feedback, the tester could give general encouragement but no 
specific information abouc whether a response was righc or wrong. 
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Tga£h |ne the concept "sguars ." The teaching was carried out by the author abo 
five veeks after the tssting. (The only exception was the one child added to 

the stiidy late who was trained two days after being tested.) Nine o£ the 
children mastered the instructional materials in one session, two required 
two sessions, and one child took three sessions to master the sequence. None 
failed . 

The te.ncher introducGd the tnscructional session by saying, "We are going 
to play a ganie. Every time you are right, I will put a raisin in your cup. 
When you make a mistake, 1 will take a raisin away and put it in my cup. O.K.?" 
l"he child was also praised when right and corrected "when wong in one of tho 
two ways demanded by the experinicntal desi|n, 

the sequonce of inaterlals, which was the same for all four experimenCal 
groups, comprised five sections, each o£ which had to be nuistered before 
proceeding to the neKt, theoraticalLy more difficulty one (Fig. 2). (The 
brackets next to sections B and C indicate how they were further subdivided.) 
Each section was made up of a s&t of eonCDptually related s^Cimulus arrays from 
which the square iCetn had to be selected. The order of dlfflciulty of the various 
sections was based on the results of the earlier study on teaching the concept 
"round." In many cases, this order subs tantiaCed earlier research on stimulus 
factors complicating the attainment of concepts ( e.g., Meyer* 1968; Osier, 1966; 
and Piaget, 1952) . 
Ana ly s is of JDa t a 

The main analytic tool was an analysis of variance and of covariance 
(Steel and Torrie, 1960) in which the dependent variable was the change in 
test scores from pre- test to posctest. Initial level of knowledgQ of the 
concept "square," as displayed on the pra-test, served as the covariable. It 



was thought that the use of initial score as a covariable vould increase accuracy 
In determining the effectiveness of the various instructional methods by taking 
into account the "law of Initial velues": the more initial errors, the fflore 
room for improvement. This Curned out to be the case. Thoro was a corrplation 
of .27 between number of initial errors and sftount of improvement. A comparison 
suggested by Steel and Torric (1960) of the treatuant variance before and after 
adjustment for initial levol indicaCcd that che introduction of the covariable 
Into the analysis yielded a 9% gain In precision. 

Although the variable of social class was supposed to be randoraly distributed 
■among the groups, tne smaii numDutr oi miuuns-c iaaa wnj-^^iw.i __„.= _^ . ^-^ 

Impossible. In point of fact, two of the three middle-class children ended up 
in Group I and the rewialning one in Group 4. Although this study was not 
concerned with the effect of social class, iC did seem necessary to show, where 
applicable, chat group differences are not entirely aCtributable to differQnces 
in soeiflL class composition. Auxiliary analyses were ust-d Lu LUi^ tjui,pusu. 

With a small sample, effects must be substanttivoly large and consistent 
among subjects to achieve statistical slgnlf icanoe . Thus, it is well to bear 
in mind that statistical significance In the pcesent study Indicates substantive 
significance as well. In addition, an attempt has been made to account for the 
behavior of every individual child through subsidiary analyses. 
Results 

Age was not a significant factor in determining either initial score or 
Improvement. Thus, the objective of comparing various instructional techniques 
in terms of their effect for a single age group could be pursued, and age was 
not taken into account In the remaining analyses. It must be remembered that 
the children spanned only the range from 2 years, 3 months, to 3 years, 10 months 
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and, In fact, the. expected trend for older chiJdr£;ii to start out with higher 
scores did appear. 

The basic fact about the insUructionai procedures was that they wore 
successful. The average pre- tost score for tha entire group of 18 children 
was about 50% correct or 8.2 out of a total of 17 Items. The control group 
"showed, on the average, no change on the posttest in their knowledge of the 
concept "square." In' contrast, the four ins tructioiial groups eliminated an 
average of 5.3 errors or 56% of all pre-tcst errors. Using data from all five 
groups, analysis of covariance, sun-jnArized tn Table 1, indicatfcd that tha various 
groups did reliably differ from each other In amount of change from pre- to 



Tabic 1 abouc here 



■pffsttest, controlling for initial score. This overall effect attained the 
,005 level o£ statistlcol signif Icaiice . Even without statistical control 
of initial Level, however, the groups demonstratod reliably different amoutits 
of improvemcut: , The analysl.v of variance of the change scores yielded an 
overall. difference that was statistically significant at the .01 level (F » 
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Puanctt^s test for niaking^ a series of comparisons with Che mean of a 
atngle concrol group showed Cliat each instructional group except the ''single 
context-contrast ive terras" group was reliably different from the control group 
at the ,01 level of statistical significance* As tn the reniaining results to 
bs reported, this comparison relates to change scores corrected for initial 

level of competence* 

Let us now compare the four instructional groups with each other, rather 
than with the control group, in ordGr to see precisely how the two instructional 
variables were operating* 
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Variety of context everted a strone positive influence on learning the 

concept. A one-called t-cest indicated that the effect □£ chls factor vas 
staClstlcaXly significant at the .025 level ( t » 2.4). On the averflgo, scores 
(corrected for initial level) imptfovcd 7.25 points more, for the six children 
exposed to "square" in a variety of contests than for the siK children exposed 
to the concept in a sinslc contexC. (One point Is given for each item correct.) 

Althoufih the level of improvement was greacer for the three middle=class 
children, they did not deviatG from the overall pattern. Table 2 makes this 
point clear. 

Table~2 abaut here 



The use of contrflStive terms did not, in ttaelf, affect lonrning the 
■concept. There was, however, a sizeable and uMntlcipated Interaction between 
the two tactors sucn mat tm usti ul uuuLJ.rtbi.ive Letuu, Ll.^ v,i*.L=cc£iir. 
procedure did facilitate learning when it was used in combination with a 
variety of contexts. A two-cailed t-test Indieaced that this interaction 
efifect achieved statistical significance at the .05 level (t « 2. A; df * 7). 
One may conclude that contrastive cerms are of use under some conditions but 
not others. An analysis of pre-test errors shows how the pre^CKisting semantic 
system of conceptually related cexms determines Che effect of concrastive tatma 

in learning a concept. 

The analysis of erroea on che "round" test in the earlier study supported 
the Idea that identifying an exmmple of the concept became more difficult 
vhcn the number of items in the array got larger and when it was necessary to 
abstracc the cwo-dimens tonal shape from a three-dimensional object. An analysis 
of errors on the "square" prc-tcst indicated that these factors were much less 
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powerful. InstGad, a tendency to confuSG "round'' and "square" efnergcd as the 
greatest aource of error. Table 3 uses the difference between the observed and 

Table 3 about here 

the chance rates of success for a given item as a measure of relative difficulty 
and shows that Che inclusion of a round stimulus increased the difficulty of an 
array to a statistically stsnificant degree (p - .01 by a two^tailed median test). 

What is the significanco of this tendency to confuse round and square? 
Is it simply attrtbutable to the fact that certain children (randomly distributed 
among groups) were exposed to the concept "round" in the earlier study? This is 
not the case, for the "inexperienced*^ group confuses ' round and square just as 
often as the group who participated in the "round" study. The earlier eKperlenco 
with "round** does not affect total errors either; the ineKperiericed groups 

avarages 8*5, Thus, It appears that, somehow, "round** is the more basic, 
perhaps the unmarked, concept in this particular situation* 

The application of the unrnarked -marked distinction originated by 
Jakobson would lead to the fulluwing hypothesis i the unmarked geometrical 

shape *'round^* will be the first to be recognized as Buch by the child and he 
may take for granted that all geometric terms refer to this category* This 
initial hypothesis must then be corrected through appropriate feedback. Indeed, 
there is evidence of the marking process in the semantic developmenc of 
quantitative terms (Donaldson and Balfour, 1968; Donaldsori and Wales, 1970), 
The results of Donaldson and Balfour indicate that **more" is unmarked 
relative to "less" for 3-year-olds interpret both *^more" and "less" as "more." 
The situation is analosous to the present one in which both *'round" and "square" 
are interpreted as "round." 
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This argumGnt is based on the notion of a predcterinined or natural 
order of concept acquisition. The? only other possibla eKplanatton of the 
"round"-"square" confusion would bo in terms of sarlier geometrical teaching. 
Since 12 of the 18 children in this study had been in a previous systematic 
fCudy of geomGtrical discrimination conducted by Henning and Hay%i?eiser (1968), 
we have some evidence that bears upon this point. In that study ^ the children 
were to learn a circle- triangle discrimination. First, they had to learn to 
choose the arm of a T-mazm containing a large triangular stimulus. Then the 
rewairded stiniulus was reversed and the children had Co learn to choose the 
"round arm'' of the ma^e * Since all the children had- more eKperience with 
the triangle as the positive stimulus than with the circle, and iince only 
three out of the 12 ever ffiastered the concept *'round" in the reversal situation^ 
this nonverbal experience, If anything, should have workod in the direction of 
dirnlnishing the tendency to choose a round stimulus* Therefore, these 
eKperiraerital results tend to discredit specific experiences as the critical 
factor ,in generating the tendency to round-square confusions, Henniag and 
Hayweiser (Henning, personal comrnunication, 1969) found, moreover. th#t thore 
was a definite tendency for the children to start out in their learning procedure 
by choosing the arm of the maze containing the round stimulus^ even though it 
mppiared on the opposite side from the child's previously determined prefer red 
position. Thus, the shape ^^round" seemed perceptually dominant for a substantial 
group of these very same children even a year or more before the preaenc study 
wai begun. 

What is interesting is the way in which previous experience with che 
term "round" determines the effect of using contrast ive terms in the correction 
procedure. In practice, the introduction of contrastive terms meant primarily 



contrmitlng ''squara" with "round for 50% of all errors during the teaching 
phase consisted of mistaking round for square. It turns out that contrastive 
terms do effectively reduce confusion between **round" and ^'square*' the child 
haa been systematically exposGd to thG semantics of "round'' in Che earlier 
study in this project. It seems as though refraining frora mention of the 
term "round'' is as effective for the "ineKpcrlenced" chtld as is the "round"- 
"square" contrast for the "experienced" child. From these data emerges the 
idea of appropriate and inappropriate introducCion of contrastive terms # 
Contrastive terms really means the single term "round" here, "Appropriate" 
applies both to the case where the term ^"round" is not introduced because o£ 
lack of requisite semantic eKperience and to the case where the term is 
introduced because the relGVant eKperience has been acquired through 
participating in the earlier experiment • 

Because the contrastive-terms variable seemed to have a specific effect 
on round-square confusions ^ it was thought that the nurnber-of -contexts variable 
might have a specific effect on other types of conffuslon, Thus^ multiple 
verbal and action conteKta might operate to help the child distinguish square 
from other shapes perceptually less distinctive. This formulation led to the 
prediction that those children appropriately introduced to contrastive terms 
would show the greatest relative reduction in round^square errors, and those 
children exposed to "square" in multiple contexts would show the greatest 
relative reduction in other types of error. Thus, every child was predicted to 
fall above or below the median in relative reduction of round-square errors j and 
above or below the Qiedian in relative reduction of other confusions* The 
probability of correctly predicting both aspects of a child's behavior by 
chance is •25* Eight out of 12 chlldrrn conformed to the prediction for both 
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aspects p£ their behavior, (Two out of three middle-class children and six 

out of nine lower-class children couformed to the predictiotiO The probability 

of this occurring by chance is ^OOlCs according to a two- tailed binomial test. 

Thus, the follDwing pattern of effacts seems to be a reliable om . For 

children who have already learned the meaning of ''round," round-square 

confusions are rcduCGd when the teacher contrasts the meaning of "round" 

and "square*' during the correctton procedure. For children who have not already 

learned the meaning of "round," round-square confusions are reduced when the 

teacher demons Urates the nietning o£ "square" but does not use Che contrast iva 

term "round" during the correcclon procedure. Finally, multiple contexta help 

all children distinguish square from other less dtstlncitve shapes. 

Discuss Iqn * 

The overall success of the instructional methods are relevant to the 
question of what modes of representation are most effective in teaching 
2- and 3-year-old children. In all cases, the children being taught the 
meaning of "square" were presented during the teaching phase with a 

4 fs-^ *^u^^fs ^ 1 nntl f n nt^^niTs 1 V- rh^ p^nactive* the Ikonic, and 

the symbolic. The enactive mode entered when the child picked up the square 
object and did something with it. For some children, the particular act varied 
from array to array. The stimulus arrays themselves furnished an Ikonic 
representation both of the class of square things and of contrasting classes 
of geometric shapes. More important was the fact that the solution to the 
problem was represented in all three modes. The word "square" inserted into 
a command provid.ed a symbolic representation of the solution. There were, 
moreover, perceptual cues and klneschetlc feedback on at least one-third of 
the training items in the form of sorocthing with which the square thing would 
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fit. This addittonfl] squr-trc stimulus thufj providc;d an ikonlc and cnacUive 
representation of Lho solution to the problom of discovering the referent o£ 
the term "square," 

i 

The stmultaneous rciproacntfltion of tho pi-oblem In three modes during 
teaching resulted in an ability to deal with tho concepU later in the 
posttest when primarily different exemplars wcro presented in a new action 
context with no ikonic or enactive. cues to the solution. During testing, the 
only representation of the solution was the symbolic term "square." These 
results suggest that the ideal sequence of representatiohal modes for learning 
symbolic concepts can be imagined as a gradual poeliiis away of enactive and . 
ikonlc support from an originally trimodal representational structure. 
Expeclraents by Carlson (1969), Peterson (1969). and Soenstrom (1966) comparing 
m,.(-hnHc Fnr frnrhlnf' consDrvation of auantiUv. as well as Kohnstamm's (1967) 
work on classification, suggest that efficient Icarnini depends on initial 
access to a multimodal ropresentation of the problem. 

The contrast between this cxperlniQnt where the child Is faced with a 
trimodal representation contrasts with the first study of teaching "fat" and 
"skinny." There, although the child has visual and kinesthetic contact with 
exemplars, the solution (that is, the concept) Is really not represented In 
any mode at all. The "fat" and "skinny" posttest, in which the solution was 
represented by a label, demonstrated the effectiveness of a verbal representation. 
Bom (1970) has found verbal representation of the goal state to facilitate 
the solution of much more dlfflcai| problems at later ages. The absence of any 
representation of the solution or true goal is what Is usually meant by the 
term "discovery" learning. In the literature. It is opposed to directed 
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tnachlng or to "guldL'd discovery." Evidence seems to ba accuinulattng that 
pure discovery is the least succo£,s£ul method for teaching spocific concepts 
and that It does not improve the transferability oJ: a concept (Kursh and 
Wittrock, 1967). Discovery mathads seem to be useful when the aim is to teach 
techniques of discovery, Jior se. If, howcvor, the task Is so difficult theit 
the learner does not succeed In dtscoveL-lng the concept, then the discovery 
technique' will not be reinforced cither (Kersh and Wittrock, 1967). The 
impossibility of discovering the concepts "fat" and "skinny" In the first 
experiinent suggests that other analytic concepts, indeed, most concepts upon 
which school focuses, may be too difficult at young ages to be "discovered" 
successfully. If so, then the practice of requiring discovery, as in the 
methods used to teach "fat" and "skinny," not only falls to teach the concept 
K„f. Tflflv Pl-.n diflrnurnpe the develonment of the discovery process itself. 

A newly translated Soviet article (Pushkina, 1970) on the development of 
the relational concept "smaller" indicates that "discovery" of the solution 
to a nonverbal discrimination problem can also bo most effectively promoted 
by an initial trlmodal representation of the concept. In a series of training 
experiments with 1- to 5-year-olds, Pushkina found that a combination of 
visual, verbal, and tactile activity with feedback was better than two other 
methods. In one of the less successful training experiments, children wore 
asked to compare verbally the size of a number of different object pairs; In 
the other one children manipulated pairs of objects in a way that required -- 
perceptual size comparisons. Again, effective sequencing goes from trlmodal 
representation to representation in a single mode and from highly Informative 
feedback to less informative feedback. 
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The methods used t:o taach "fat'' and "skinny" contuastod with those used 
to teach the coiicept '*squaro'' in a second respGcCi two or three examples of 
the concept had to be mastered simultanQOus ly , The results indicated that the 
extra eKample actually hindered learning, In the methods used to teach the 
meaning of ''squaTej'' a given typci of discrimination was always niastered before 
the child was exposed to new examples. A third difference from the earlier 
study was the absence of prolonged repetition of stiniulus displays. This 
time it was possible to face each stimulus display only once^ whereas in the 
earlier study the minimum number of repetitions in the learning sequences was 
four under two of the conditions* Repetition had had such a negative effect 
on the children in the first study that it was almost impossible to complete 
that eKporiment, This was one of the motives for making variety an explicit 

i^fl-i^i^Kl/^ ^ T% f-K*^ final cfiiiHr 

One feature that the two studies had in common was the use of both 
material and verbal corrective feedback for right and wrong responses, 
and self-correction for wrong responses • The results of the two experiments 
clearly show that such theoretically optimal feedback is not a sufficient 
condition for learning a given concept, although it may be effective when the 
proper representational condiclons are met. 

While it is interesting to compare the methods used in the two studies, 
the difference in the success of their teaching techniques could be due to any 
or all of these three reasons and to some others besides. Nevertheless, it 
seems useful both for future research and for practical application to make 
these differences explicit. 

Similarly* a cQmparison of the techniques used to teach '^round" with 
those used to teach "square" suBgests some interesting possibilities. The 



variable in tha ''round*' study dealt with the forms of action representation 
and the timing of verbal representation. Neither seemed to matter very much* 
In the "square" study, the variables all involved the forms of v^bal 
roprescntatlon , and the differences were much largprt 

The untaught control group showed some improv'craent in the "round" study 
whereas they did not in the "squara" one. Perhaps it was natural to attach 
a label to the most perceptually dominant category of stimuli, the round ones, 
whereas it demanded more specific experience to label the less dominant "square" 
category* This result, therefore, is another piece of evidence in favor of the 
hypothesis that "round" is the unmarked or more basic gaometric concept on which 
the square category is superposed. Research on infant perception also points 
to round as the naturally more primitive geometric concept: infants between ten 
and thirteen weeks of age will reliably follow a moving two-dimenstonal ^ound 
shape in preference to a similar square one (Graefe, 1963; described in Kessen, 
Halth, and Salapatek, 1970). It is interesting that the natural dominance of 
certain perceptual categories should influence the referential properties of 
words in semantic development. After the completion of the experiments described 
here, Heider (1970, 1971) reported related evidence in the domain of color as 
well as shape. Most relevant in the present context is the finding that shape 
categories have natural focal points and that these are related to the use 
and learning of shape terminology. Her data support, moreover, the notion that 
round is a more basic or primitive concept than square. 

The experiment on teaching "square" actually varied the form of the verbal 
context in which the term "square" was placed while holding all other factors 
constant. Psychologists have tended to devote a great deal of energy to the 
question of whether verbal representation enters into concept formation at all 
and have generally neglected the problems of what form this representation 

should take- It is, therefore, interesting that variables relating to form of 
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verbal reprosentatlon should turn out to be such pomrful ones. This point is 

especially interesting since the children were so young. Clearly, the original 

idea that pure action might be most suited to this devclopmentnl level was 

exploded by the results of SBvernl studies. The experiment on teaching "square" 

seems to indicate that what is said about a given concept label is qs important 

to the development of the child's definition as whether the concept is labeled 

at all. The main effect of a variety of verbal contexts on the stimulus side 

seems to be in making exemplars of a given concept distinguishable from less 

perceptually dominant stimuU. When a more dominant category exists along a 

given dimension, in this case "round," the category tends to be over^generaliEed 

to other stimuli in that dimension and the form of correetina this overgenerallEatlon 

becomes crucial. Labeling the category to be learned is an ideal way to ipark 

it if "^^'^'^ ""'^ y^*" TflbnlRd rhp. overaeneralized or unmarked contrast 

class. If he has, however, then effective teaching seems to require explicit 

contrast between the two labels and their referents in the correction procedure. 

I'hls finding adds to the general principle demonstrated by Cole (1968) with 

much older children and with adults that instructional effects are enhanced if 

the conceptual principle being taught is explicitly contrasted with other 

developmental ly prior principles relating to the same domain. 

Probably, contrastlve labels do not work with children who do not already 
understand the label fairly well for the same reason that an extra exemplar 
did not work in the "f at"-"skinny" study- there are more things to learn at 
once, an added cognitive burden. 

Note that multiple verbal contexts on the part of the experimenter 
involved multiple action contents on the part of the child. This latter may 
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be crucial to the effectiveness of a vnrieLy of contexts, alchough speech and 
action factors cannot be disentangled in this Qxperiment. We may have found 
a more precise way of undars tanding the frequcrit: obf^ervacloii that children do 
not learn what is irrelevant and that thGy sometimes do not display their 
"true'* abll ities- for want of motivation* If one thinks of the action conteKt 
as providing a goal, then the meaning of a particular word included in the 
directions bGcoraQS a meaiis to this goal. One could say^ at a molecular level, 
that the concept has "relevance*' in a broader task structurG and that the 
child now has a "reason" to learn its meaning. Recent studies of nonverbal 
skill development suggest that, indeed, "the goal precedes the means ontogene tically , 
and that when a successful means first comes into being it is indissoluble from 
the goal vjhich motivated it^ exi^tuEiuy. Only gradually does it become a * 
separate entity able to be applied to a varieey of ends (Bruner, 1968). 
Miyamoto's (1969) study of concept formation among the Zinacanteco Indians 
indicates that this principle applies to verbal concepts as well. He found that 
the broader the variety of action contexts into which objects fitted in 
Zinacanteco culture, the more likely they were to be called similar on the 
basis of conmion class membership and the less likely they were to be called 
similar on the basis of association in a common action. In other words, 
multiple action contexts seemed conducive to the development of intensive 
definitions closely related to the extensive definition at which the "round" 
and "square" training was focused. The implication is that the broader the 
variety of ends for which a given concept can be used, then the more likely it 
is to achieve an independent life of its own. Surely in everyday life those 
concepts most important to action are the ones placed in the greatest variety 
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of contexts and therefore learned Mig most thoroughly. The role of familiarity 
then Lecomas that of providing n higher orclcr sLructure into which the 
unfamiliar can be fittr.d as a necessary component, 

there are several types of variety iti this study, and variety probably 
has several different effects. First of all, there is the variety or 
nonrepetittveness of the stimulus displays, a quality which contrasts with 
the approach of the first study. Certainly this difference must be partly 
responsible for the much more enthusiastic response of the children to the 
procedures used to teach the concept "square." At the same time, we see that 
sheer variety can have adverse effects on learning if it Is associated with 
Increasing the number of things to be inasterod simultaneously. One way to 
deal with this potential conflict is to ensure mastery of each new element as 
it arises. This was one strategy in the "square" study. Another way is to 
provide a variety of familiar elementa . The vuibal auu «ctiuu couL^%ts in 
which "square" was embedded were familiar and served this function. 

All these types of variety—stimulus arrays, words, and actions--could 
be operating to improve learning through enhancing attentional processes. 
Certainly there is a great deal of evidence that variety has this effect 
(Fiske and Maddi, 1961). Enhanced attention does not explain, however, why 
a variety of verbal .md action contexts has a positive effect on learning that 
is much larger than that produced by a variety of referents. 

The variety of verbal and action contexts certainly promotes the relevance 
of tho concept, as has been discussed before. Multiple verbal contexts may 
also be particularly useful in illustrating the semantics of terms which have 
no stable relation to extra! ingu is tic contexts, that is, to concrete referents. 
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some vocabulai-y test data indicate that if is just such words which pose the 
greatest problems for lower^clflss children (John and Goldstein, 1964), The 
finding here is consistent, with this line of reasoning, for it is fairly well 
established that lower-class people tend to rely relnttvely more on 
extralinguistic conCest and relatively less on linEuistic context in their use 
of language for cotninunication (Groeniteld, in press). 

The •results of a study by Werner and Kaplan (1950) provide yet anothGr 
reason why multiple contexts might be more effective than a single context in 
teaching a concept. They found that younger children do not differentiate a 
word from its verbal context and may regard a given, word as carrying the meaning 
of the whole or a part of the context. If this is so, then variable concexts 
may help in establishing the invariant properties of word and referanC. ^ 

In terms of preschool education, and compensatory education in particular, 
the results of this series of studies seem to indicate that what is said about 
concrete experience is more important in the semantic development of analytic 
terms than the nature of the experience itself. This conclusion seems to 
support Berelter and EnEelmann's (1966) approach to the education of severely 
deprived preschool children, for they use a wide variety of statement forms or 
logical relations in connection with a small variety of concrete referents. On 
the other hand, if the action context constitutes a goal which gives relevance 
to the words embedded in a related sentence, then use of a given concept in a 
wide variety of meaningful situations could be an equally critical factor. 

In general, these experiments support the linguistic approach to semantics 
rather than the .psychologica 1 i the relation of words to other words appears 
more crucial in semantic development than the relation of words to things . They 
also provide experimental evidence against preschool instructional approaches 
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which emphasize direct eKpertcnce vHth materials and Uflve. unspecified the 
communicative context in which all such cxpcvicnco must take place. The study 
of ways to teach the meaning of the term "square" to 2- and 3=year=old8 that 
has be'en reported here suggests that systematic examination of this question 
will bear fruitful results. 
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Table 1 

Analysis of Vaciancs ana Covarlance for 
Changs in Knowledge of "Square" froin Test M 
Retest under One Control and Jour Instructional Conditions 



Sourci 



Conditions 
Error 



Condtclons 
Adjusted 



4 

13' 
17 



17J.1 
101.3 
278,4 



5.7* 



17.1 
70.C 
87.1 



59. 8 
252.0 
311.8 



12 
16 



8L9 
234.1 

172.2 
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Table 2 

Average Percentage of Pre-test Errors 
Eliminated After Two Types of Instructional Treatment 
For Middle^Class and Lower*-ClaBs Children, Separately and Combined 



Multiple Single 
Context Treatment Context Treatment 

_ ^ . N ^ % N 



Lower*-olase 
Children 



Kiddle-olaas 100^ 2 67^ 

Children 



Total Group 81^ 6 36f 
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Table 3 



Rate of Success on Pre- test for ' 
Arrays with and without Round Stimuli 



High Success Rate 
rfrom 28% to 11% above 
chance) 



Low Success Rate 
(from 16% below chance 
to 8% above chance) 



P < ,01 j Median Test 



Arrays With 
Round Stimuli 



Arrays Without 
Round Stimuli 
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Figure Legends 
Fig* 1. Some displays to represcat concept "fat J' 

Fig. 2 Sequence of displays usad to teach meaning of term "square," 
Fig* 3 Displays for testing understanding of term "square." 
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Pig, 1 Some displays to represent concept "fat.' 
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Fig. 2 Sequence of displays used to Ceach meaning of term "square," 
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Fig. 3 Plsplays for testing understanding of term "square." 
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2, The twelve children with experience in the Henning-Haywelser study were 
randomly distributed among all five groups in the present study. There 
was no relationship between participation in Chat study and our results. 
For example, five out of siK members of our control group were trained in 



the t-mage; yet the control group showed no improvemont from pre- to 
posttest. •fliere was, inoreover, no correlation bet^s'een parcicipation In 
our earlier study to teach ''round" and participation in the llDnning- 
Hayweiscr procedure. Children who had been through the t-inazG procedure 
ymtc as evenly distributed as possible among the irour relevant groups s 
"experienced*' verbal contrast^ "ineKperienced" verbal contrast, '^experienced" 
no contrast 1^ "tneKpcriencod" no contrast* 



